Neuroinflammation in utero may contribute to brain injury resulting in life long neurological disabilities.
Neuroinflammation in utero may contribute to brain injury resulting in life long neurological disabilities. 33 The pivotal role of the efferent cholinergic anti-inflammatory pathway (CAP) in controlling 34 inflammation has been described in adults, but its importance in the fetus is unknown. Moreover, it is 35 unknown whether CAP may also exert anti-inflammatory effects on the brain via CAP's afferent 36 component of the vagus nerve. Based on multiple clinical studies in adults and our own work in fetal 37 autonomic nervous system, we gauged the degree of CAP activity in vivo using heart rate variability . [1] This systemic CAP effect is mediated via the α7 nicotinic acetylcholine receptor (α7nAChR) 54 expressed on macrophages. [5] However, recent studies have shown a similar α7nAChR-dependent 55 effect in brain microglia in vitro. [6, 7] , [8] 56
In adult species, high-mobility group box protein 1 (HMGB1), a non-histone DNA-binding protein, acts 57 as an important pro-inflammatory cytokine linking necrosis with ensuing inflammation by translocating We have shown that CAP is active spontaneously near term, such that individual baseline RMSSD 70 values and the levels of the pro-inflammatory cytokines IL-1β and IL-6 are inversely correlated, 71 reflecting spontaneous CAP activity. [15] 72 First, we hypothesized that the fetal inflammatory response induced by hypoxic-acidemia will result in 73 an increase of systemic CAP activity as a compensatory mechanism and an inhibitory effect of CAP on 74 the cerebral inflammatory response. The systemic inflammatory response will be reflected by an 75 increased vagal activity and hence a correlation of RMSSD and IL-1β. 76 Second, we sought to determine the effect of fetal hypoxic-acidemia insult on brain regional activation 77 of the microglia expressing α7nAChR, and the relation of systemic and cerebral CAP activation to the 78 intracellular HMGB1 localization in these cells. Thus, we hypothesized that the cerebral inflammatory 79 response will result in microglial HMGB1 translocation from the nucleus to the cytosol due to increased 80 microglial activation via α7nAChR and this HMGB1 translocation will correlate with the degree of 81 CAP's vagal activation measured by RMSSD.
82

RESULTS
83
As reported, repetitive UCO resulted in worsening acidosis over 3 to 4 h and eventually a severe degree 84 of acidemia, fetal pH 7.36 ± 0.03 to 6.90 ± 0.13 (p<0.01). [16] 85 RMSSD and IL-1β increased ~2 fold from baseline versus the time of nadir pH (p < 0.05), and fell by 1 86 h of recovery ( Fig. 2A, 2B ; for IL-1β cf.
[17]). Of note, at 1 h of recovery the values of RMSSD and IL-87 1β were still clearly, but not statistically significantly elevated. Baseline, nadir pH and 1 h of recovery 88 RMSSD correlated to corresponding IL-1β levels at R = 0.57 (p=0.02, n=17, Fig. 2C ).
89
Fetal gender did not contribute to this correlation. As reported, MG cell counts were increased in the 90 white matter of the treated animals versus the control group.
[17] RMSSD measurements at baseline and 91 1 h of recovery correlated inversely to white matter MG cell counts determined at 24 h of recovery at R 92 = -0.71 (p=0.05) and R = -0.89 (p=0.03), respectively (Fig. 2D ).
93
For both HMGB1 translocation index and α7nAChR expression, the main effect of belonging to the 94 UCO or the control group was not significant (p=0.25 and p=0.54, respectively, Fig. 3 ). However, the 95 effect of group on HMGB1 translocation differed according to brain region (mostly in hippocampus and 96 GM46) and microglia status (p<0.001 for interaction terms) (Table 1) . Interestingly, statistically 97 significant interaction effects on HMGB1 translocation were observed in cortical and hippocampal 98 regions, but not in the subcortical (thalamus, white matter) brain regions. In grey matter, these effects 99 applied to quiescent MG (qMG), but not to activated MG (aMG); meanwhile, in hippocampus this was 100 mostly apparent in aMG. 101 Similarly, a model that accounted for interactions of group and microglia status and HMGB1 was able to 102 predict α7nAChR expression (p<0.001). Notably, the effect of UCO group was in the same direction but 103 of much greater magnitude in aMG compared to qMG (Table 2) . 104 In parallel, RMSSD at 1 hour of recovery correlated highly with cytosolic HMGB intensity per area in reaching most severe acidosis. The α7nAChR expression is not static within a given brain region, but 163 rather appears to be dynamically regulated by stimuli such as hypoxic-ischemic injury which down-164 regulates α7nAChR mRNA, unless the receptor is agonistically stimulated. [7] We propose that such 165 stimulation may not only be exogenous, pharmacologically driven, but also endogenous and occurring Laboratories Ltd., Montreal, Canada; followed by 1% to 1.5% halothane in O 2 for maintenance), a negative for all other dyes used. Images were captured sequentially using one filter set at a time for each 358 channel. The image analysis was done in Image Pro Plus 7.0 (Media Cybernetics, Bethesda, MD, USA).
359
We had co-labeled with the HMGB1, α7 nAChR, Iba1 and DAPI, yielding 4 separate channels that we 360 used as follows. First, we created a binary mask of the DAPI channel (white nuclei/ black background), then subtracted that from the Iba1 channel image. Since pure binary white has an intensity of 255, the 362 subtraction left us with an Iba1 channel image with black holes of 0 intensity where the nuclei had been 363 located, i.e., an image with intensity only in the cytosolic area. Second, we created a threshold on the 364 resulting Iba1 image to isolate the outlines of the cytosolic region only of the microglial cell bodies.
365
Third, using the "Load Outlines" function in Image Pro, we were able to apply the outlines of the 366 cytosolic area from the Iba1 image of the matching images, and measure data only within those outlines.
367
Fourth, we created similar outlines of the nuclei using the DAPI channel, and applied those onto the 368 HMGB1 and α7 nAChR channels respectively, to obtain the intensity and area data solely from the while qMG did not exhibit either of these features (Fig. 1) . We recognize that such distinction, albeit 379 based on general consensus regarding distinct morphological features of active (hypertrophy and 380 increased processes) versus quiescent microglia, is also somewhat subjective, when it comes to the 381 notion of co-localization to or engulfing of neurons. We return to this in the Discussion section.
382
For analyses of HMGB1 and α7 nAChR intensity per area between the brain regions within each group 383 we had to take into account that their absolute values could not be compared due to region-specific 384 optimized acquisition as described above. 
